Alternative sources of energy are the demand of the modern world. For generating different alternate fuels, utilization of lignocellulolytic biomass is on top of the priority list, for which cellulase enzymes are required specifically. In this context, the aim of the presented paper was the partial purification and characterization of cellulolytic enzymes from Trichoderma reesei inoculated digested biogas slurry. The enzyme was produced at previously standardized conditions (Incubation period: 15 day, Spore concentration: 10 8 spores/ml, Slurry concentration: 25%). The cellulolytic enzymes viz. CMCase, Cellobiase and FilterPaperase produced were then partially purified by ammonium sulphate precipitation (0-30 and 30-80%) and dialysis followed by ion exchange chromatography using DEAE-cellulose column. Twelve fold purification was achieved for cellobiase. Specific activity of 20.18 U/mg was measured. Two isoforms of Cellobaise (C-I and C-II) were found with 21 and 32 fold purification, respectively. Upon characterization, the optimal pH and optimal temperature values for cellobiase came out to be 7.5 and 55°C for C-I and 25°C for C-II. Carboxymethyl cellulase was partially purified up to 10.4 fold with specific activity of 1.87 U/mg of protein and Fpase was purified to 11.3 fold with 1.47 U/mg of protein specific activity. Partially purified enzyme activities were compared with that of commercial enzymes. This is a novel work where cellulases were extracted and partially purified from digested slurry from biogas plant, which is very significant with reference to not only disposal of digested biogas slurry but also its value addition for industrial applications.
Cellulose being the most abundant polymer on earth is considered one of the most abundant renewable sources in the world. To utilize this cellulose, it needs to be degraded to simpler sugars either with the help of acids or enxzymatically. Over the years, biological degradation of cellulose by producing cellulolytic enzymes through fungi as well as bacteria, has been extensively studied (Tomme et al, 1995) . The concept of recovery of the lignocellulolytic enzymes such as cellulases (Alam et al, 2008) , hemicellulase, xylanase, lignin peroxidase ) is a new biotechnological approach for the biodegradation and biosolids accumulation of slurry beside the production of industrial enzyme which exhibit the benefit of being very low treatment and production cost and environment friendly (Alam et al, 2003) .
Hydrolysis of cellulose into glucose requires a complex system of cellulolytic enzymes known as cellulases that belong to the glycosyl hydrolases family (Henrissat, 1997 ). There are three major groups of enzymes in cellulase system on the basis of their action: endo-b-1, 4-glucanase or non-processive cellulases (EG, EC 3.2. Thongekkaew et al,2008) . Endocellulases act randomly and cleave the cellulose at exposed positions and produce new reducing ends. The exocellulases remain attached to the chain and release mainly cellobiose or cellotetraose units from one end of the chain (Sakon et al, 1997) . For the complete hydrolysis of cellulose into monomer glucose the synergistic action of all three cellulolytic enzymes including endo-b-1,4-glucanase (EC 3.2.1.4, EG, randomly cleaving internal linkages), cellobiohydrolase (EC 3.2.1.91, CBH, specifically hydrolyzing cellobiosyl units from non-reducing ends), and b-D-glucosidase (EC 3.2.1.21, hydrolyzing glucosyl units from cellooligosaccharides) is required (Perez et al, 2002) . The cellulases are used in many industrial as well as biotechnological applications including animal feed, textile, waste water, brewing and wine-making (Beguin and Auburt, 1994) .
Due to increasing energy demand, focus is now on production and purification of cellulolytic enzymes from abundant renewable lignocellulosic biomass, especially agricultural waste residues, agro-industrial waste and their by-products which can help to reduce cellulase prices (Rodriguez-Couto and Sanroman, 2005). When microorgtanisms grow on cellulosic substrates, the cellulase enzymes are induced. Many different microorganisms are able to produce cellulase enzyme including fungi, bacteria and actinomycetes. The majority of the commercial and laboratory cellulases are produced using fungi due to their high enzyme activity (Nagendran et al, 2009 ). Among fungi, Trichoderma species are able to produce numbers of extracellular polysaccharide hydrolyzing enzyme (Bhat and Bhat, 1997) .Enough nutrients for cellulase production are present in slurry, making it an efficient substrate for enzyme production. Slurry contains considerable amount of valuable substances.
For understanding the mechanism of cellulose degradation by the enzyme, it is necessary to isolate, purify and characterize these enzymes. Variety of techniques have been used for this purpose i.e. gel filtration, ion-exchange chromatography, preparative polyacrylamide gel electrophoresis, high pressure liquid chromatography and preparative iso-electric focusing. A few workers have taken the advantage of selective binding of cellulases to their insoluble substrates i.e. crystalline cellulose, cellulose powder and natural sources of cellulose i.e. wheat straw and cotton linters. Cellobiohydrolases of T.viride has been purified by applying the same phenomena. Mart-Yanov et al (1983) has reported single step purification of cellulases by using adsorption chromatography on crystalline cellulose with 50 time purification from the original sample. Extracellular cellulose binding endoglucanase of Cellulomonas species has also been purified by affinity chromatography on phosphoric acid swollen cellulose. Lamed et al (1987) have purified and partially characterized a complete cellulase complex "cellulosome" from culture supernatant of Clostridium thermocellum by using adsorption chromatography on micro-crystalline cellulose and gel filtration on Sepharose-B.
Chen Fawole and Odunfa, 2003) .
Hence the present study is aimed to accomplish the following objective:
• To partially purify cellulolytic enzymes extracted from Trichoderma reesei MTCC 164 inoculated digested biogas slurry.
MATERIAL AND METHODS

Source of substrates, chemicals and microbial culture
Digested biogas slurry was obtained from a working biogas plant in biogas field laboratory of School of Renewable Eneergy Engineering, PAU, Ludhiana. The analytical grade chemicals required for media and solutions preparation were purchased from Hi-Media, SRL, Sigma and S.D fine chemicals Pvt. Ltd. Standard culture of Trichoderma reesei MTCC 164 was procured from MTCC (Microbial Type Culture Collection), Institute of Microbial Technology, Chandigarh and was maintained on malt extract Blakeslee's agar (composition given in Annexure I) slants at 30±2 0 C by monthly transfers. The culture was stored in refrigerator after sub-culturing.
Production of Cellulolytic Enzymes
Digested slurry was inoculated with 2ml spore suspension of T.reesei spores @ 10v spores/ ml and was incubated at 30±2°C for enzyme production. After 10 days, crude enzyme was extracted by centrifugation and supernatant was analyzed for activities of carboxymethylcellulase, filterpaperasee and cellobiase by Mandels et al (1976) method. Total protein content was determined by the method of Lowry et al, (1951) .Enzyme activities (U/ml of sample) and protein (mg/ml of sample) was determined spectrophotometrically using UV-VIS spectrophotometer 2800 model. The carboxy methyl cellulase (CMCase) activity was measured according to method of Mandels et al (1976) . The cellobiase activity was measured by the methods of Toyama and Ogawa (1977) . FPase activity was measured according to method of Mandels et al (1976) .
Enzyme units
The cellulase enzyme activity is expressed in terms of Internatinal units and international unit of cellulase may be defined as 1 micromole of reducing sugar released per minute per mililitre of enzyme extract, measured as glucose. Appropriate dilution factors were used as and when followed during estimation of enzyme activity
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The crude enzyme was produced under already optimized condition (i.e. 25% concentration of slurry, 10x spores/ml spore concentration and 15 day incubation) from previous experiments and was centrifuged at 10,000 rpm for 15 min at 4°C. The supernatant was used as crude enzyme extract.
Precipitation with (NH 4 ) 2 SO 4 and dialysis
The crude enzyme produced was subjected to precipitation at 0-30% and 30-80% ammonium sulphate saturation. The precipitates were then dissolved in minimum volume (10-20ml) of 0.1M phoshphate buffer (pH 6.0) and dialyzed against excess of diluted (5x) buffer for 48 hrs at 4°C. Activity of cellulases was tested in the protein dialysate and was further purified by DEAECellulose column chromatography.
Enzyme purification by DEAE-Cellulose column chromatography Activation of DEAE-cellulose
Excess of 0.5N HCl (10ml) was added to about 25 g of DEAE-cellulose, mixed nicely, kept for 30 minutes and supernatant was removed slowly. This procedure was repeated five times followed by the washings with distilled water 3 times. Then sufficient amount of 0.5N NaOH was added to above treated DEAE cellulose in the same way five times and washed with distilled water so that maximum DEAE cellulose had settled down and its colour became white. Before packing into the column DEAE cellulose was given washings with 0.1M phosphate buffer (pH 6.0) and then slurry of activated DEAE-cellulose was poured in the column (shown in Fig.1 ) without interruption.
The column was allowed to settle down uniformly and was equilibrated with phosphate buffer (pH 6.0) until the eluate showed a pH of 6.0. 
Enzyme purification
The crude extract was subjected to purification after dialysis at 4°C. The protein dialysate was loaded on DEAE cellulose column equilibrated with 0.1M phosphate buffer (pH 6.0). The enzyme was eluted with same buffer using stepwise gradient (0.1M each) of increasing molarity of NaCl (0.1-1.0 M) at a flow rate of 12ml per hour (as shown in Fig 1) . 25ml buffer of each molarity was used for elution. Fractions of 5ml each were collected and analyzed for cellulase activity and protein content. The fractions which contained the sufficient high activity of cellobiase were separately pooled for further characterization.
Characterization of Cellobiase Determination of optimum temperature
Activity of cellobiase was determined at different temperatures ranging 5-35°C. The value of optimum temperature was determined by plotting percent maximum activity verses temperature.
Determination of optimum pH
Activity of cellobiase was determined at different pH ranging from 5.8 to 8.0. The value of optimum pH was determined by plotting percent maximum activity verses pH.
Statistical Analysis
Standard error was calculated manually for all the experiments. All treatments were completed in triplicate.
RESULTS AND DISCUSSION
The present study was conducted to partially purify cellulolytic enzymes from digested biogas slurry using a mesophilic, filamentous fungi Trichoderma reesei MTCC 164.
Partial Purification of Cellulolytic Enzyme from Digested Biogas Slurry Using T.Reesei MTCC 164
The crude enzyme extract was initially analyzed for all cellulolytic enzyme activities. Results from Table 1 indicate that the extract showed maximum Cbase activity i.e. 3406.48 U/ml, followed by Fpase activity (428.57 U/ ml). The crude enzyme extract was subjected to precipitation with 0-80% ammonium sulphate saturation in two steps i.e. 0-30% and 30-80%. Dialysis was performed with both precipitate samples. Precipitates of 30-80% saturation showed maximum activities after dialysis i.e. 29.92 U/ml of CMCase, 284.12 U/ml of Cbase and 20.68 U/ml of Fpase. Protein content was measured to be 169.28 mg/ml and reducing sugars to be 475.41 mg/ml.
Partial purification of Cellobiase
The crude enzyme extract after 30-80% ammonium sulphate precipitation was dialyzed. Purification achieved with this step was 1.29 fold as the specific activity of enzyme increased from 1.3 IU/mg of protein in crude enzyme to 1.68 IU/ mg proteins in ammonium sulphate precipitated enzyme. After anion exchange chromatography on DEAE cellulose column two different cellobiase isoforms named C-I and C-II were identified with purification folds of 21.16 and 31.83, respectively. These isoforms were eluted at 0.4-0.5 M and 0.8-0.9 M (C I-Fraction 21 to 28 or 0.4a to 0.5c; C II-Fraction 41 to 46 or 0.8a to 0.9a) of NaCl concentrations and named on the basis of elution with increasing molarity of NaCl. The purification profile is shown in Table 2 and Fig2. Shanjing et al (2002) purified cellulase by gel filtration using superdex 75 prep grade with an activity recovery of 92.8% and the purification factor 4.2. The optimum pH and temperature of purified cellulase was reported as 4.5-5.0 and 55°C, repectively. Lau and Wong (2001) purified a novel cellobiase Cba 2 from Cellulomonas biazotea over 260 fold using ammonium sulphate precipitation, gel filtration chromatography, anion-exchange chromatography and reversed phase high performance liquid chromatography sequentially. Purified enzyme has a pH optimum of 4.8 and the optimum temperature for the activity was 70°C. Ghorai et al (2010) purified cellobiase The data represents the mean of three determinations each; ±values indicate standard error. from the culture medium by ultra filtration and gel permeation, ion-exchange and high performance liquid chromatography. Enzyme had temperature and pH optima at 45°C and 5.4 respectively and retained full activity in a pH range of 5.0-8.0 and temperature of 30-60°C.
Effect of temperature on partially purified cellobiase
The most important factor among all the physical variables affecting the production of enzymes is usually the temperature because enzyme activities are sensitive to temperature (Krishna, 2005) . Here, Cellobiase activities were measured in partially purified cellobiase at different temperatures ranging from 5 to 35°C. C-I showed maximum Cbase 3.89 units at 55°C and comparable units (3.091) at 25°C and C-II produced 3.169 units at 25°C, which is thus optimum temperature as shown in Table 3 . Dutta et al (2008) studied cellulase from Penicilllium citrinum MTCC 6489 and found maximum FPase and CMCase at 65 and 60°C respectively. Xin and Geng (2010) showed an optimum activity at 30°C for FPase and CMCase of Trichoderma reesei RUT C-30.
Effect of pH on partially purified cellobiase
Cellobiase activities were measured in partially purified cellobiase at different pH ranging from 5.8 to 8. Maximum Cellobiase activity (2.197 Units/ml in Pool-I and 2.729 Units/ml in Pool-II) was observed at pH 7.5 as shown in Table 4 . Maximum CMCase and cellobiase activities from Penicillium citrinum MTCC 6489 were reported at pH at 5.5 and 8.0 and FPase at 6.5 (Dutta et al, 2008 ). Xin and Geng (2010) working with horticultural waste as the substrate for cellulase (Berghem and Pettersson, 1973; Okada, 1975; Berg and Pettersson, 1977) . Das et al (2008) reported that cellulase activity was optimum at pH 4.8. The variation of pH from the optimum level causes denaturation of the enzyme and reduces enzyme synthesis ability. Roberto et al (2005) revealed that the highest levels of cellulase and xylanase enzymes from Thermoascus aurantiacus strain and optimum pH and temperature for cellulase and xylanase production were 5.0-5.5 and 75ºC respectively.
Partial purification of Filter Paperase
The crude enzyme extract after 30-80% ammonium sulphate precipitation was dialyzed. Purification achieved with this step was 0.8 fold as the specific activity of enzyme decreased from 0.16 in crude enzyme to 0.13 U/mg proteins in ammonium sulphate precipitated enzyme. But after anion exchange chromatography on DEAE cellulose column two different Fpase isoforms named F-I and F-II were identified with purification folds of 26.65 and 29.15, respectively. These isoforms were eluted at 0.6-0.7 M and 0.8 M (F I-Fraction 31 to 37 or 0.6a to 0.7b, F II-Fraction 39 to 44 or 0.7d-0.8d).of NaCl concentrations and named on the basis of elution with increasing molarity of NaCl. The purification profile is shown in Table 5 .
Partial purification of Carboxymethylcellulase
The crude enzyme extract after 30-80% ammonium sulphate precipitation was dialyzed. Purification achieved with this step was 1.5 fold as the specific activity of enzyme increased from 0.12 in crude enzyme to 0.18 U/mg proteins in ammonium sulphate precipitated enzyme. After anion exchange chromatography on DEAE cellulose column two CMCase isoforms namely CMC-I and II was identified with purification folds of 15.2 and 8. Table 6 .
R o y e t a l ( 2 0 0 5 ) r e p o r t e d t h a t biological activities of urea denatured forms of carboxymethylcellulase, cellobiase and b-glucosidase can be recovered using three phase partitioning using (NH 4 ) 2 SO 4 and t-butanol.
Comparative Evaluation of Partially Purified and Commercially Available Enzyme
Partially purified cellulase was compared with commercial cellulase from A. niger as shown in Table 7 . The specific activities of all the three components of cellulase complex were very less as compared to commercial enzyme. This might be due to incomplete purification of enzyme in laboratory conditions from Trichoderma reesei.
CONCLUSION
The present study was aimed at partial purification of cellulolytic enzymes from digested biogas slurry using celluloytic fungi Trichoderma reesei MTCC 164. From the previous laboratory studies, it was reported that statistically the optimized conditions for maximum cellulolytic enzyme production from digested biogas slurry are: Incubation period: 15 day, Spore concentration: 10 8 spores/ml, Slurry concentration: 25%. Under these conditions, Cellulolytic enzymes viz. CMCase, Cellobiase and FilterPaperase were produced and partially purified by ammonium sulphate precipitation (0-30 and 30-80%) and dialysis followed by ion exchange chromatography using DEAE-cellulose column. Twelve fold purification was achieved for cellobiase. Specific activity of 20.18 U/mg was measured. Two isoforms of Cellobaise (C-I and C-II) were found with 21 and 32 fold purification, respectively. Partially purified cellobiase was characterized for optimal pH and optimal temperature values. Optimum pH came out to be 7.5 and optimum temperature came out to be 55°C for C-I and 25°C for C-II. Carboxymethyl cellulase was partially purified up to 10.4 fold with specific activity of 1.87 U/mg of protein and Fpase was purified to 11.3 fold with 1.47 U/mg of protein specific activity. Partially purified enzyme activities were compared with that of commercial enzymes. This is the first report where cellulases were extracted and partially purified from digested slurry from biogas plant, which is very significant with reference to not only disposal of digested biogas slurry but also its value addition for industrial applications. It was noticed that further purification can be achieved by Gel filtration, Sephadex-G-50, Sephadex-G-200 column chromatography techniques. Further research is required to get insight into the further purification of partially purified cellulolytic enzymes to match up with commercial enzyme production, using gel filteration, Sephadex-G-50 and G-200 columns. The supernatant left after ammonium sulphate precipitation, can be utilized as field nutrient. It is concluded that the whole process of enzyme production from cattle dung slurry is not only a value addition of so called environmental menance, but also will be a profitable venture at commercial scale.
